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DQG GLVFXVVHG WKH DSSOLHG PRGH RI DPDOJDPDWLRQ WHFKQRORJ\ RI ZLUHOHVV /$1V DQG SHUVRQDO DUHD QHWZRUNV IRU








,Q UHFHQW \HDUV &KLQD
V FRDO PLQH SURGXFWLRQ VDIHW\ VLWXDWLRQ LV TXLWH JULP ,Q  WKHUH ZHUH
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FKDUJH ,QRXH PLQH GLVDVWHU RFFXUV \RX QHHG WR LPPHGLDWHO\ VWDII IDLOHG WR 0DVXL 7KH SRVLWLRQ DV
DFFXUDWHO\DVSRVVLEOHLQRUGHUWRWDNHUHVFXHPHDVXUHV,VIRUHPHUJHQF\SHUVRQQHOWRPDLQWDLQ,QRXHDQG
XQGHUJURXQGFRPPXQLFDWLRQVLVHVVHQWLDOIRUUHVFXHZRUN$OOWKHVHUHTXLUHPHQWVKDYHWRUHO\RQVXUIDFH
DQGXQGHUJURXQG WRSURWHFW WKH LQWHJUDWLRQRI FRPPXQLFDWLRQ WHFKQRORJ\2XU ILUH DQG UHVFXH IRUFHV WR
IDFHVXFKDVLWXDWLRQLWLVGLIILFXOWDVWKHRUGLQDU\ILUHHQYLURQPHQWWKHXVHRISRUWDEOHILUHLQWHJUDWHG
FRPPDQG V\VWHP DQG FRPPXQLFDWLRQV HTXLSPHQW IRU UHVFXH ZRUN EXW PXVW UHO\ RQ WKHLU HVWDEOLVKHG
XQGHUJURXQG PLQH FRPPXQLFDWLRQ V\VWHP GR D JRRG MRE ,QRXH 8QGHUJURXQG VWDII &RPPXQLFDWLRQV
SUHFLVLRQSRVLWLRQLQJVXSSRUWLQJWKHZRUNRIUHVFXHFRPPHQFHG>@,QWKLVSDSHUWKHFKDUDFWHULVWLFVDQG
XQGHUJURXQG PLQH UHVFXH FRPPXQLFDWLRQ V\VWHP VHFXULW\ PRQLWRULQJ FXUUHQW VLWXDWLRQ WR EH RI WKH
IROORZLQJUHVHDUFK
7KHSHUIRUPDQFHFKDUDFWHULVWLFVRIXQGHUJURXQGFRPPXQLFDWLRQ,1'LVDVWHUVLWXDWLRQV
&RDOPLQH LVFORVHG WKHGLVDVWHURFFXUV LQSDUWLFXODUJDVH[SORVLRQFDXVHGD ILUHQRWRQO\ OLNHO\ WR
FDXVHWKHORFDOWHPSHUDWXUHSUHVVXUHDQGWKHXQGHUJURXQGYHQWLODWLRQFRQGLWLRQVDUHRIWHQGDPDJHGYHU\
HDV\WRVPRNHFDQQRWEHGLVFKDUJHGIRUDORQJWLPHWRJHWKHUODFNRIR[\JHQYLVLELOLW\9HU\ORZGLIILFXOW
WR ORFDWH SHRSOH WUDSSHG 7KH KDUVK HQYLURQPHQW DOVR PDNHV FRPPXQLFDWLRQV HTXLSPHQW FDQ QRW SOD\




V\VWHPV OLPLWHG XVH LQ XQGHUJURXQG VHULRXV ILJKWLQJ FDQ QRW IXQFWLRQ SURSHUO\ 'LVWULEXWLRQ RI
XQGHUJURXQG WXQQHO FRPSOH[ YDULHG FRPSOH[ JHRORJLFDO FRPSRVLWLRQ DV D FRPPXQLFDWLRQPHGLXP LV
QRQXQLIRUP HOHFWURPDJQHWLF ILHOG HOHFWURPDJQHWLF ZDYHV
3URSDJDWLRQDWWHQXDWLRQLQWKHXQGHUJURXQGDVHULRXVGLVWRUWLRQDQGFOXWWHU WKHVLJQDOHDV\ WR LQWHUUXSW
:KHQGLVDVWHUVRFFXU,QRXHXVHGWKHPLQHDQGXQGHUJURXQGZLUHOHVVFRPPXQLFDWLRQVHTXLSPHQWDQGILUH
ILJKWLQJ IRUFHV DUH QRW FRPSDWLEOH IUHTXHQF\ 8QGHUJURXQG JDV H[SORVLRQ LQ WKH IRUPDWLRQ RI KLJK
WHPSHUDWXUH KRW DLU UDGLR ZDYHV ZRXOG KDYH D UDGLR VLOHQFH SKHQRPHQRQ0LQH GLVDVWHUV WKH LQWHUQDO




DQG WUDGLWLRQDO ZLUHG FRPPXQLFDWLRQV LQFOXGLQJ WHOHSKRQH UDGLR YLGHR VXUYHLOODQFH FDEOH DQG RWKHU
W\SHVRIGDWDFROOHFWLRQVXFKDVWKURXJKDZLUHGFRQQHFWLRQWRXQGHUJURXQGJDVGHWHFWRUDFTXLVLWLRQYDOXH
RI IL[HGSRVLWLRQJDV FRQFHQWUDWLRQ LV DPRUHXQLYHUVDO DSSOLFDWLRQ ,Q WKHSDVW IHZGHFDGHV WKHPLQH
V
FDEOH V\VWHPV DUH HDFK FRUUHVSRQGLQJ WR D SDUWLFXODU DSSOLFDWLRQ DQG SDYHG WKHUH LV QR FRPPRQDOLW\
EHWZHHQ WKHGHWHFWLRQRI D FDEOH OD\LQJJDV DQG WHOHSKRQH V\VWHPV OD\LQJ DQRWKHU VHW RI FDEOHV 7KHVH
QXPHURXV DQG WKH FDEOH V\VWHP WR WKH XQGHUJURXQG LQVWDOODWLRQ DQGPDLQWHQDQFHZRUN WREULQJ D JUHDW
WURXEOH0HDQZKLOHWKHODFNRIPRELOLW\FDQQRWEHIOH[LEOHQHWZRUNLQJUHVLOLHQFHDQGZHDNUHDVRQVWKH
LQWURGXFWLRQRIXQGHUJURXQGILEHURSWLFFDEOHFRPPXQLFDWLRQVWUDQVPLVVLRQWHFKQRORJ\LPSURYHGRYHUDOO
VSDFH LV OLPLWHG DQG WKH SRSXODULW\ RI ZLUHOHVV FRPPXQLFDWLRQ QHWZRUN WHFKQRORJ\ WR ZRUN RQ WKH
SURPRWLRQRIFRDOPLQHSURGXFWLRQVDIHW\5ROHZLOOEHFRPHLQFUHDVLQJO\VLJQLILFDQW>@






PLQLQJ WHFKQRORJ\ DQG HTXLSPHQW ODUJH DQG PHGLXP FRDO PLQHV WKH DSSOLFDWLRQ RI LWV UDGLR
FRPPXQLFDWLRQVLVQRWZLGHVSUHDGRUHYHQEODQN,QDGGLWLRQWRILQDQFLDODQGPDQDJHPHQWIDFWRUVOLPLW
WKH OHYHO RI WHFKQRORJLFDO GHYHORSPHQW LV DOVR D PDLQ UHDVRQ
 $ ODUJH FRDO PLQH LQ 6KDQ[L 3URYLQFH RI &KLQD IRU H[DPSOH LQ WKH SDVW IHZ \HDUV KDYH WULHG WR
SODFHPHQWRI UDGLRFRPPXQLFDWLRQV\VWHPV LQFOXGLQJZLUHOHVV LQWHUFRPV\VWHP ORQJZDYH UDGLRSDJLQJ
V\VWHPVKLJKIUHTXHQF\OHDNFDEOHFRPPXQLFDWLRQV\VWHPV
8QGHUJURXQGFRYHUDJHRIDOOZLUHOHVVV\VWHPVDUHORZJHQHUDOO\FDQQRWDFKLHYHWKHOHYHO
)RFXVRQPHGLXPVL]HG FRDOPLQHV LQ&KLQDJHQHUDOO\ KDYHNPRI URDGZD\ DFFRXQWLQJ IRU
PRUHWKDQWZRWKLUGVRIWKHWRWDOOHQJWKRIURDGZD\VXSSRUW/DQHPLQLQJIDFHEDVLFDOO\KHDGLQJIDFH LV
FRYHUHG WKHQ LW LVSUHFLVHO\ WKHVHDUHDVRISHUVRQQHODQG HTXLSPHQWLQWHQVLYH OLTXLGLW\/DUJH FRDO JDV




$OWKRXJK WKH PHGLXPVL]HG FRDO PLQHV LQ UHFHQW \HDUV LQ LQIRUPDWLRQ WHFKQRORJ\ WKH WHUUHVWULDO
QHWZRUN V\VWHP KDVEHHQ VLJQLILFDQW SURJUHVV LQ WKHRU\ WKURXJK WKH QDWLRQDO ORQJGLVWDQFH ILEHU RSWLF
QHWZRUN LQIUDVWUXFWXUH WKH PLQH
V JURXQG FRQWURO URRP HTXLSSHG ZLWK GLUHFW DFFHVV WR WKH 6WDWH
$GPLQLVWUDWLRQRI:RUN6DIHW\RIFDSDFLW\%XWWKH WUDGLWLRQDOV\VWHPRIFRPPXQLFDWLRQV\VWHPVGXHWR




GDWDZKLFKFDQ WUDQVPLW D WHOHSKRQH DFFHVVQXPEHU LV DOVRYHU\ OLPLWHG'RQRW KDYH WKH WLPH WR VHQG
GDWD VXFK DV JDV VHQVRUV WKH DELOLW\ WR UHDOWLPH LQIRUPDWLRQ RQ WKH SUHYHQWLRQ DQG XQGHUJURXQG
PRQLWRULQJLVYHU\QHJDWLYH*DVVHQVRUFDQEHZLUHGWRDFKLHYHUHDOWLPHWUDQVPLVVLRQRIGDWDWRWKH
VXUIDFH EXW WKH ORFDWLRQ RI WKH VHQVRU LV IL[HG FDQ QRW JXDUDQWHH WKDW PDQ\ ORFDWLRQV HVSHFLDOO\ LQ






KLJKFDSDFLW\ EURDGEDQG UHDOWLPH WUDQVPLVVLRQ XQGHUJURXQG DQG DERYHJURXQG QHWZRUNLQJ UHPRWH
PRQLWRULQJHPHUJHQF\UHVFXHDQGRWKHUIXQFWLRQVDQGLPSURYHWKHFRPPXQLFDWLRQV\VWHPFDSDFLW\DQG
UHOLDELOLW\WRVXUYLYHGLVDVWHUV7KHLQWURGXFWLRQRIQHZWHFKQRORJLHVLVHVVHQWLDOWKHZLUHOHVV/$1LVWKH
PRVW SURPLVLQJ QHZ WHFKQRORJLHV FDQGLGDWH V\VWHP>@
,QYLHZRIWKLVUHOHYDQWUHVHDUFKXQLWVKDYHGHYHORSHGDZLUHOHVVFRPPXQLFDWLRQ WHFKQRORJ\FRQYHUJHG
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QHWZRUN  ,(((  :LUHOHVV/$1VZLUHOHVV ORFDO DUHD QHWZRUN DQG   3HUVRQDO DUHD










&DOO WRVROYH WKHGDLO\SUREOHPVRIPLQHEXWDOVRDPRQJ WUDSSHGXQGHUJURXQGDIWHU WKHGLVDVWHU DV





,I WKH V\VWHP FDQZRUN LQ SRVWGLVDVWHU VLWXDWLRQ WKHEHQHILWV RI WKLV IHDWXUH LV VHOIHYLGHQW UHOLHI
&RQGLWLRQVLQWKHGLVDVWHUWKHUHDUHFDPHUDVDQGZLUHOHVVQHWZRUNWRSRORJ\WRFRYHUWRWKHYLGHRV\VWHP






UHOLDEOH EDVLV IRU UHOLHI $QG DOVR WKH UHVFXH ZRUNHUV WR JR GRZQ DQG WUDSSHG WKH EHVW FKDQQHO WR
FRPPXQLFDWHZLWKFRQWDFWV
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9DULRXVW\SHVRIUHDOWLPHWUDQVPLVVLRQGRZQKROHVHQVRUGDWDWR,QRXHGLVSDWFKURRPRUUHPRWHOLQH
WR VDIHW\ SURGXFWLRQ VXSHUYLVLRQ GHSDUWPHQWV RI WKH FRQWURO FHQWHU VXFKDV WHPSHUDWXUH VHQVRUVJDV
GHWHFWRUWKHZLQGVSHHGVHQVRUUHDGDEOHGDWD
7KLV IXQFWLRQ WKH SRZHU IRU WKH DUHD
V UDSLG ILUH UHVFXH DUULYHG DW WKH VFHQH DQG DFFXUDWH
XQGHUVWDQGLQJRIWKHH[WHQWDQGXQGHUJURXQGGLVDVWHUUHOLHIWRPDNHDUHDVRQDEOHDVVHVVPHQWDQG ODLGD
VROLGIRXQGDWLRQ
9LDELOLW\ DIWHU WKH GLVDVWHU WKH GDPDJH GRHV QRW UHVXOW LQ SDUWLDO SDUDO\VLV RI WKH HQWLUH QHWZRUN
XQVSRLOHGSDUWRIWKHDXWRPDWLFIRUPDWLRQRIDQHZQHWZRUNWRSRORJ\WRZRUN
7KLV IHDWXUH LV DOO PLQH WR SXUVXH WKH XOWLPDWH FRPPXQLFDWLRQV V\VWHP ZKLFK LV UHIOHFWHG E\ WKH
QHWZRUN LWVHOI VLQFH LWV ELUWK ZLWK WKH EDVLF FKDUDFWHULVWLFV ZKLFK JUHDWO\ HQKDQFHG WKH VXUYLYDO RI
XQGHUJURXQGZLUHOHVVFRPPXQLFDWLRQV\VWHPFDSDFLW\DQGHIILFLHQF\LQRUGHUWRZHDUWKHVDPHIUHTXHQF\
FRPPXQLFDWLRQWHUPLQDO5HVFXHZRUNHUVWRJRGRZQWRVDYHWRSURYLGHDUHOLDEOHJXDUDQWHH$OWKRXJKWKH
DSSOLFDWLRQRI WKLV IHDWXUH LQ WKHXQGHUJURXQG WKHUH DUH VWLOO DYDULHW\ RI GHILFLHQFLHV VXFK DV GLVDVWHU
FDXVHGE\XQFHUWDLQW\IXQFWLRQRIWKHQHWZRUNWRSRORJ\DXWRPDWLFDOO\ODSVHKRWDQGKXPLGHQYLURQPHQW
RQWKHVWDELOLW\RIWKHHTXLSPHQWIRUDYDULHW\RIDGYHUVHHIIHFWV$QGVRRQEXWVKRUWWKLVIHDWXUHLVRQHRI
WKH NH\ FRQYHUJHQFH WHFKQRORJLHV FRQWLQXHG WKH SUDFWLFH RI YDULRXV GHIHFWV LQ WKH DSSOLFDWLRQZLOO EH
UHVROYHGVRRQ
$ODUP SRZHU IDLOXUH FDXVHG WKH DFFLGHQW RU GLVDVWHU VLWXDWLRQ WKH VWDQGE\ SRZHU VXSSO\ V\VWHP
DXWRPDWLFDOO\WKHQHWZRUNFDQFRQWLQXHWRZRUNKRXUVRUPRUHWKLVUHVFXHDUHWKHPRVWFULWLFDO
7KUHH KRXUV DIWHU WKH GLVDVWHU UHVFXH ZRUN LV WKH JROGHQ DJH RI WKH V\VWHP FRQILJXUDWLRQ EDFNXS
SRZHU VXSSO\ V\VWHP WR PHHW WKH HPHUJHQF\ UHOLHI ZRUN LQ WKH XQGHUJURXQG ZLUHOHVV FRPPXQLFDWLRQ











WUDQVPLVVLRQ RI WKH VLJQDO DWWHQXDWLRQ SUHFLVH SRVLWLRQLQJ DOJRULWKP LPSOHPHQWDWLRQ DQG XQGHUJURXQG
HQJLQHHULQJ LPSOHPHQWDWLRQ LVVXHV &KLQD
V HQJLQHHULQJ DQG WHFKQLFDO SHUVRQQHO KDYH DFKLHYHG WKH 
PHWHU SRVLWLRQLQJ DFFXUDF\ RI WKH XQGHUJURXQG OHYHO DQG GHYHORSHG D SURMHFW LPSOHPHQWDWLRQ
&RPPXQLFDWLRQV QHWZRUN TXDOLW\ RI VHUYLFH SURWHFWLRQ DQG WUDIILF FRQWURO WHFKQLTXHV XQGHUJURXQG
FRPPXQLFDWLRQQHWZRUNLQDQ\FDVHDUHQRWEORFNHGLWJXDUDQWHHVDQHPHUJHQF\GLVDVWHULIWKHV\VWHPLV
QRW FRPSOHWHO\ GHVWUR\HG WKH UHVSRQVLEOH GHSDUWPHQWV DQG HYHQ WKH VWDWH JHQHUDWHG QDWLRQDO VHFXULW\
RYHUVLJKW'HSDUWPHQWVFDQEHUHDOWLPHPRQLWRULQJIURPDUHPRWHPLQHLQFOXGLQJXQGHUJURXQGVWDIIDQG
KHOGDQHPHUJHQF\FRQIHUHQFHFDOOWKHSRVLWLRQLQJRISHUVRQQHODQGHTXLSPHQWXQGHUJURXQGXQGHUJURXQG









WKH XQGHUJURXQG 'LVDVWHUV H[WUHPH HQYLURQPHQW HOLPLQDWH WKH QHJDWLYH LPSDFW RI IDFWRUV RQ ILHOG
FRPPXQLFDWLRQFRPPXQLFDWLRQ LQD WLPHO\PDQQHU WR HQVXUH VPRRWK UHIOHFWLQJ WKH UDSLG ILUH IRUFHVRI








>@ 0LQLVWU\ RI 3XEOLF 6HFXULW\ )LUH 'HSDUWPHQW )LUH ILJKWLQJ DQG UHVFXH &KLQD
V 3XEOLF 6HFXULW\ 8QLYHUVLW\
3UHVVSS
>@ -L:HQWDR &RDOPLQH VDIHW\PRQLWRULQJZLUHOHVV FRPPXQLFDWLRQ WHFKQRORJ\&KLQD )LUH 3URWHFWLRQ$VVRFLDWLRQ
6HSWHPEHUSS
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$XJXVWSS
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